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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a growing 
method for nitride semiconductor of with good 
crystallinity. 

SOLUTION: A first protective film 1 1 is partly formed 
on a dissimilar substrate 1 consisting of a material 
different from that of a nitride semiconductor or on 
the surface of a nitride semiconductor layer 2 grown 
on the dissimilar substrate 1 , and a first nitride 
semiconductor layer 3 is grown via the first 
protective film 1 1 . The first nitride semiconductor 3 is 
selectively grown on the protective film 1 1 and 
continuously joined together with an adjacent nitride 
semiconductor on the protective film 11 as it 
continues to grow. The first nitride semiconductor 3 
on the first protective film 1 1 has few lattice defects, 
so that a nitride semiconductor substrate of good 
crystallinity is obtained, when a thick nitride 
semiconductor film is grown via a protective film. A 
nitride semiconductor substrate is grown to a 

prescribed thickness, and when an element structure is formed thereon, a satisfactory 
element with improved characteristics is obtained. 
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*)rclll©«g|flil 1 ©^Hffl«^a5©^ffiS J: 
l,tc-n-tfi^^{m<D'piz\.^m 1 ©M^tigj^tt 

[ 0 0 2 5 ] ^ 1 <DU^<Dmmmifi. m 1 ©«8IM*5 

JKfiKSnrii^l^SiJ^ (S[^) ©^ffi«J:0:'!:t<AjcS 

jr^tc. iii©«aiiBi lifim^smctim^L 
©jg«{cj:^T«>s%**^ mw«aig*«;^h7'f7' 

t«©Jgt#;©iS^, «aM©X h 9 •^'©iliim©!!?: 
iBBS-r«C<!:«CJ:i3tT5Ct*J-C#S. ^ 1 ©CSSK 1 

i©;*c#$»!|#k:is5£1/i&i,>*i. h^'fr^rfl? 

fiSl^fcJ©^, F^-ftT-iJi^o. 5~100m 

m, Se.K:J(?SL/<Kl Mm~5 O/imgS©ilii-C0fiR 
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[002 6] mk:. «s)ai^gp©^B5a*iasit- s» 

*Ul»}^S8<tOr«, Sri©^Sg|Sl 14^hv-Y:/tt 
iO^ S:l»©ita*5/imiyT{ciSSSr€.C<!:*J»*lx 
<. 3e.{c»SL.<«^gp©ilii (Ww) i;;^ h^-f^^tt 
<om 1 ©«@M©l|ii ( W s ) ©Jt. W s /Ww4 1 ~ 2 
OifeSJr^KiliaiELrtT^. C©J:^{cl&l©»S)g 
1 1 <ts:sl5©itii-?'W s /Ww*iSllb-c» 1 ©^{b®)^ 
^^K:i^^^»j|!i©^i>^ci,^*S^tt© 
^)&:^{k!^*»ft:4ff C i *i-f * ^. ,^glJ©ilii©Sf 
SL-l^liJ*. 3</m«Tt?*D, J;*)«F*l/<». 1 *t 
m«T-C*f). Tl®<il«0. I unim±T$>t. C©J: 
5{cSaJ©iti?:iBi|-r€»t. J:OSa^^PB©ii>JG:Ci^^b 

m^mt^mim^tii>. :^h^>( 5'tt©«isK©««. 

J:BBISH*i*tf6*l.S*i!^«:,^SH5©iH*5 lumfetTi-r 
Sti^W, 2~30Atmr*9. »*L'<«5~20m 
m-C*»), J:»5»*L<»5~1 5/txmt?*S. C©« 
H-C*> 5 i ^^a^©^!&:t, >^Yb!B}^l^«f*g*i© P>n» 
iUt,*. ;^h^-<7'!K©«SM©MJIt«. i^tcgg 

^esn^it**!. m«o. o i~5/im-c*o. »*l 

<»0. l~3/im-C*f). J;'3»*L<«0. 1~2 
ymtr*.S. C©ffiH-C*-5<!:5am*»-5>©K:$f*l/ 

sfc. S3P©<@ (Ww) tmmmom (ws > ©jt 

Ws/Wwti. 1~20-C&0> »SL<«1~1 0-C 

[0 0 2 7] ;X4C. m2©Xli-C«. 02{Cii^-rj:^ 

m 1 ©^{bi^*«(* 3 S[^t!^^(*® 2 

©±«cfiSg3-&*^i©M{biBj*«»3it/r». iRfCc 

:/bJ^j:C><^SS. undope) ©GaN. ^L<«nM:?^!a 
* K-:^tfcG a N*i^{f e)*!^*. 

[0 02 8] ia2{c^-rj:^{c. mi<ommmi urn 

fs.iyfcmmmmwm 2 ©±{cm 1 omim^mwm 3 

4fi)ESS-e^.<!:. S1©«SIS1 l©±«:»lll©^{k 

m^mi^m 3 . RtB u fcSf t«i*ai»B 2 ± 

{c. mi<Dmitm^m{^m3*miR^mi$ti^, 5 etc 

)t!(g^i^(:fS<!:. ^I©^{b^ii^i9i»@3«s01©^a 
Ml l©±'C«:^{CfiRSL. 1 ©fi{t!Bl¥ 

«ft®3l3I±r-:>fj:7>ior, 03 tc^j^r J: "5 tc. 4)irc*> 
hm 1 ©»SM 1 1 <D±icm 1 ©S<k«J*3S(*Jl 3 /dfilt 

[ 0 0 2 9 ] C ©i ^ K^SL-fcll 1 ©^{ti^#»® 

3(ommK.mtm^^^'^ («a<sfii) «£*©«>© 



m 3 (Dmrnvmic^ii ?>i&m>±s^t m i <D0mm 1 1 
*) . mmms. i ±sii<om i cD^eiis 1 1 nfimms nr i » 

it«SI2 (Dti^«^< 7 rJg) i©WS3{p6i^Si«Jffi3&i 

<t*^Cl». 10 
[0030] mA.kt. H3 {C*■r'^7X.'^(DM{ti^¥#«: 

mmmm i i ©^{tfi*»»)i a ©^s^jiajKisi 

3 {cs^-r J: 5 tc . » 1 <D^Yt«J*»»e 3 <DfiESl7«8{c 
«|gtiL^t^TC^-S*5. 0 1 ©^{bi^^aiftJl 3 

1 ©ffisiis 1 1 ±mcB^stifcm 1 ©^^b!^3i»H 
3«. wmmmitp'^fSiS:Lfci><or:ittx<9m^-r^m 

1 ©^^fcigj^t*® 3 *S)SSit"(co^c*i-pfc*>©t?*.5 

tctt>. m^ipt^m.mLtcmm^mws2±mci&S:L 30 
1 (omtm^wm 3 ©gB^{cit-<r. ^g©« d 

©^ 1 (Dmim^wm3<Dmm mmm±^Rzfm.^ 

i'm 6*1/3: < JSC C©MS^RS©#^^(Cii>*cl>l|l© 

^{t«j^ii»i*)i 34. M^mmiirj:i,^im^f^<Dfii 

^?g©GaN©fiSe{Cj;S*SSi^Pi©l%^1=. i5a©<l 40 

tctbiJur/hS < -r c <t*i»* 
[ 0 0 3 n * /t. Ig 1 ©^{b«)*««i:® 3 ©^®©^ 
SI5Rc;«SBI©±ep«{cjBS^W7jii!>>i<^c**i> BJcS 
»J»iK:tesXRI*5$;*>-,/c,^gp©±g|5{cfi£So/c0 1 © 
^if&^mt^m 3 ©^fficcci. «SaS±SP«:fiSS i,;^ h 
©«:J:b'^^mSi»;PS*stH,>«(6)3&l*>.2>, C©Cil3:, 
iS€><mi©S^b«5*«{*)13©fiRS©^ttJT?. ^<© 

^i€S:XRg>(>^^SP©(2(^i§:±SC(cig{SJ[bak^ffiln)«i«'S so 
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©-C«:& C i *J <!: #^ 6 n S o 

[0032] C©J:^Aj:iesi«cRg©Kfi©jtl>«:J;Site 

s^K<DfSL^mmT E Mtc J: ») tt!sr * i . m±a?© 

teC^rtil O'ffl/cm'feiTf *t3. C^M±SP-C«, 
a«l 0'<l/cm'iilT. »*L/t»^f1=«Cte(,>T«l 0 
♦ffl/cm'feiT-C*S. lfeS^PS«. t?«^E.«^jb!B5*i» 
t|J*K-7'^i-^^>i^L/cBR. -e©x v9^>i^{C^tt 

[ 0 0 3 3 } » 1 ©^^b!gj^f*)i 3 (omrnt VXit. 

a*fiES3«4A:*K:, «gBg©K/IE«cStl,riOtt< i 

1 0 <gJi(±. $6«:$T3;l.<«50 <gJa±©MJ¥t?tS 

uma. fSriB L fc J: ^ «:i^a^R|©|gfi*s0 1 ©Sfb^a 

^^©RSisw^tti-cass^-r-sMifijj&i*^©^, i^^x 

sfcMtc. fSKomimmmmt. t:©±(c«^« 
m^oxm 1 ©m!^^»©*<!: LT:*'e.tf 

i'©l^*K^T-#jt ^ffJeXO U r J: 

m 1 ©^{b«J*^{*±«:^^^^J«^rJ^fiS;-r MM 

»s©wM{cj; OH 1 <Dm<mmmm<ommifimTmm 

©J^fi£©L/^5«CiJS4-^;i^,Ci*>6. ^ 1 ©m^B) 

^:i±-ricm^miik=tmmf -2.^©«jsxe©jtc>^&iin 
SLcommK-iSi^sti. m«. »*L/<«7o~5oo 

urn. i»)Jf*L<«l OO-SOO/im. MK:»* 0 
<«100~250m m-C*S. C©ffifflrAS <^:^^F• 
«iS i b^¥iS<*©^S©*r W$ 1/ < . * /cW 

»ffi^»liM^*^L.-Ctf ^Ji-^. » 1 ©^{b!^i|i«» 
©lilJf«l ~5 OMm. Jf$l/<«2~4 O Mm. J;0 
»*U<W5~30um. *>-3i*>»*L<«l 0~2 

Oium-c*5. c<omixs>i>twsMW.tmm^m 
w<otmmmmi<ci:i>'^s.j^<Dmimstx%. sec 
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[0035] mm^±icm.im^Wim&sm 

^.^f fci^^i^^w^ig^i -r sis^. ^ 1 cDg^ 

oWfc* *rftOXL.Sl,>KI?. BP^ 5 0 u m«T©)e/l 
*iiiSLt,>. 1 wmKfiggiM©±{C^^b!^^ft 

mmm±K.^S:^Mi>m i ©^^fcigj^ii#(*ji» i x 

1 0"/'cm'~5x 1 O^'/cirfcDKH-CnM^iBj* K 

[003 6] MSa«*l^*0-O&SMfcig5^«:^T- 20 
<DJS^. SSS«©B5*©Sg<Dll 1 ©^fbiKJ*««:'^© 

Jfttt. 5 0MmJ:0;*;#l>l^-C*SC<«:*i»*L/(,>. 
C © J: 5 ftlS/l^lS 1 ©MbBJ*^f*35*W L * i . 

±iS L/fc J: ^ {c •^7i-'^©J5^3 *i;«c* < ^t.5<«r6l*< J: 0 ?» 

< Aj^or. M«s«*^*i/r*>6» 1 (omit^mm 
m 1 ©ig{b!B5*is«JB©)i;i©±i®«. ^{cisetsn^c 

l^4Lr^cS^^bi^*«^*«^^K:*^^.»r. S«lt«®^ 

1^ 1 ©^YbiBj#3l<*±«:^^«i§*0fiS-r2.|ri-C 
*>J^fi£U/<:a^4> J; < « Sf * L/ < 

1 (om^m^i^mimim^t^mm <g a ns 

^(C^2©«ail®S-C?:^4Lrl?2 <Dmmmmi*<D 
* i ur C ©H 2 ©^{b«J*aii*±«:^^«Ji«:J^fiR L 

rfc<fc<. *ytsi2©egsie*i^s#-rcc. »i©s<b 

!K)*»(*SCf»2©^^bi^^^^*G a NS«t LT^ 
/cg<bB5^Ji«»S«(C^^-«iS<!: )JcS^{b!B)^(*«eS 
«S>PtffiiJ©ffi«c^^^«ji*fiSS3 #-5 C i*iiteSi4©J: 
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[ 0 0 3 7 ] *yt, *^?g{c*jt»r. m 1 ©^^b!^* 
i*a©M® El 6 ^0 8 icm-rm 1 ©^f b!^«f*B 

eptcsRjtc^gsn/cii 1 (Dumm 1 1 itossssnr 
«,>4S{b!Bi^i*@©jiai4*i-rfe©t-r5. 

fc. ^3©xgso•04©xli^:^f^£:<t^c,^:l^^^« 
jg©^{bfj^«jS«*ifeStt J; < f#.5 c # 
*-r. *^W©m3©XS{c*jCir. 04(CS^-rj:^ 

fc. m 1 ©Mb!B)^»^^»ji 3 (Dmwicm^xmtfimtim 

jKi 2) *i%?gtctet»-c. m2<Dmmmi 2 
©JKfiR(4g««f«:|®^ 3 nr. m 1 ©mb!a^{*B 3 
©^iBKgiJ^K. 0iL<itmi<D&tm^m»m3 

ic0itL<itmi (omtm^wm 3 ©fissfijwcciisa 
i»asB3»q?aEr*sg|j©±siJ-c*-5. c©a:5K:ipr2©« 
SM 1 2 ?:i9:w .6 i , mi <D^<tm^mwm 3 ©^® * 
■cSgfiL./c«SS^«iK©j|Ja:-5«fi*ii55±-C€r. igtciR^ 

[0 03 9];^*$. H4-C«@3-CRjS3l*fcmi©^ 

{b!g»¥^»)13^tB©IHO^iJ>^j:<-r^fc*, w^ur 

1 ©^fb'Bj^^f*® 3 (Dmmdcm 2 ©«s« 1 2 i:nm 

[0040] »i;b<«^2©fism]gi 2©aMS«!|^ 

icmt>tirj:{.>ifi. m2<Dmmmxm 1 ©^fbiBj**^© 

tK<Dtt. ,«SP©iBJ:»3:*:#t<>iti©x hv'r:/t^©ll2 

©0g0Oii 2:s:7&^±mcmgiri>. m2<D^mmi 2 

©«*4<fcLr{3:. lli©»aKiP«©fc©%fflt»Sc 

CO 04 1 ] 'Aic. *«§?©»4©xe{ctet,ir. »2 
(O^srn 1 2 ? tifcm 1 ©^^b!^*«i*® 3 ±«: 
m2©afbfJ*S»<*J14«:J!SS3-&«.. mbiCyjif^^ 
(C. Sl7JWMl©S<k!gji^3ltt:e3©S^<!:|g)»K. ^ 

2©«s^ 1 2<D±.K.i,tm2(D^im^mi^m4itis.m: 
itr. m 1 (DMimmmn^m 3 ©±«:©*3iti?^gt- 

m2<Dmimmmt^m4i,t, mcmimmm»xib*). 
Lipi>i&^Bxm<D^rj:i,^m 1 <D^im^i$m 3 ©±{c 

fiSSS4i-Ct,».S©-C> «^^|g[©5Xv,,5^«:J:ii|!Sa 
{mi!m^HC<[,>. S6ec. m2©lS{b«!^(«:a4 

©Tifi® t *m 1 omit^mmwm 3 {ciiMsxRS*! 

iJ>!&t»fc«). »2©^^b«j*«f*il4©fiSgMi5«:*s(,> 
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[0 04 2] 3 6{CfiKg4!^WCC»< i. S6«c^-rj: 
114 i(SS^|iS©fJ>/j:i,>ll 1 ©S{fci8M|i«i*)l 3 *T 

^M^mw tui,o c<om2 omw^mi^ 4 ^mi-mm. 

<t & -2.^{ b!ej^|i«»©B£SSSCCffll > S C i K <fc •) . # 

2 ©^M 1 2 m\ <Dmim'=mw 3 ©«® cc3in 

fiS*5»2 ©^{t!^¥^t*4 ©fiSS©W»§{c^fi=&iB^Wyc 

i L/ r 4> . HI ©^<t!^^(* 3 ©fi£s©j»^i mm 

tC. H2©Mt!^»#4©«S%iBEW6 5%«CilSSiKJ 
|lS©l£ia*i±*S«l6ldi&»3> I^2©^^bi^^|i^flc4© 

6nfc»2 ©sfb«j^i£a»«:H4 1 <omm^m»m 

[0043] 3j!:^W©H2©J^!^©^S::^^(Co 

(.>xsmti>. 07. ia8(**^?8©ii2®jKSi©fiSs 

*a©-^^.®«c J: S— SP©Xg©'i» X --'>®«Jg*^-r 
[0044] *^HJ©|^2 ©JfJ,®©fiSg:firffiK, 0 7 (C 

BSi/-c«>j:t». m2(mm>mSiyjmic*st^^r. hi© 
^{ bi^^l^^f*]! 3 it , Buiam 1 © jgM©fiRS::^ imm 

±*a-:>rt,>#. H8*C7n-rJ:9«:»i©^^b«j**tt 

)i3*iji5^3ns„ 08{c^-r<i:^K:. mmmm 

1 tMb!Bj^«: (±iaH2©}^M©fiSS:^?*«:*jc»-c 40 

tj/t^r^rB) i©i?®-c«*L/fctts^^Pi«. mszm 

1 (omitm^m»m s (om&i:mii?> ^ %«:is{4*iaii[S 

. fiss 3 n/cH 1 (Dmim^mwm 3 ©«®{c 
ttiliS^»:RI*i^f>^c < M(cH 2 ©jfJSS©fiRS:^rS(c 

S<b. J:0mw^j:Hl©Mb!g5**(**iffe.n5. H2 

©}K®©fSg:&ffirffl(,»6n.SS«»«. «a®. 50 
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fiss:*r^-cffli,> e>ns fc©iisiei©«>©*jwe>4is. 

[0045] J&*J. *?6W©H2 ©}KS8©fiJES:)5f«{C*j 
Cir», /^^-r'TB. SOV^•-^7r)l©±CCRSSS^^■S 

H 1 ©^{bi^*3»(*B 3 . H 1 ©^^b«j*asi*a 1 0 
^. iS:«^3©sf2©ie«:4ijii-c. nwMm 
1 ©«ffi i u r . ^ G < «s«a«©±«cfi)ESS 1* 

/cMbtI*«^<!:ai^L-C^S3-&-r. Hl©ffiS)ei 

1 ^sfiicixmsismmitm^mmt^xm 1 ©^^b 

«J*iSf*B3<!:^-r5. 

[ 0 0 4 6 ] M(C, 7^m^<Dm2 ©?e^©(SS:frS«:*i 

t>-c. u < ». mssm I (ommom&ijmom^i: 
wmtc. m3<oj:mi:Lx. Hi©s{b<»¥3W*B3© 

•n^sfs^tc . mtcmi ©^^k^j^^ftB 3 <D^<mm 
K:m^mim&uxi,>i>mm<D±mmvi. m2(mm 

)K12*J^^L. m(.>xm4<DlMi:LX. H2©«K 

M 1 2 ^mmotcm 1 ©^{b!BjiH»<*83 ©±{ch2 © 

MbiB»*3>(*B4«rfi!cg3-e5. C©J:'5K:H2©ff8l 
K 1 2 ^ i , H 1 ©ffJgl©^S:^ffi <!; ISI^K , 

H 1 ©M{biB»*^»83©^ffitc3inr(,>Siesi^© 

Mte-5IEa©W*iJ. li&©t|iBrUfciea5^|iB©S<sa© 
R&ih^*! pitti Aj: 0 . ifeH^tt©mW^i:filltt©iSt< 

# «.^<b!^*^fta« i b-r , H 2 ©^{t^* 
^»4*»SC<i:*s-C#-S<, SSCCm-TJr'J 

(c, H 1 ©Mb!^¥^(*® 3 <Di&mnmic!&^Bxm^& 

fi[L/-Cl,^5^gC±g|5CcH2©«^M*J^fiS;-rSi. fE{4 

©fliBf L./c*gB^^<:Pfi©ifK(4*j^ D-c i>m 2 (omsm 1 

2 t?H 2 <Dmim^m»m 4 -NCDigajjiiHiir * 4. 

[0047] ^C*J, *S9§©H 1 ©J^SI. SafH2©Jg 
9§©fiK:g:^tttC*i(,i-C. H3©XSi. H4©X?i<!:» 

ru-5.miBj4^^(*B©SP^>(c. 3e>{Cff/c)S«aiSi& 
[0048] ;*cc. *%?g-Cffltr^6#lSS«S«©jlf * 

ui>jKSStc-?<,>-csi?8rs. ia9B^{b!^*i»<*©ites 

^fi*^^:!-^ H2>ina-C*4. Sfb«J^|iaW*«iEIi 

ts. *^?8©:&a-c«. wsL/<»cffi= (0 0 0 
I) ®*^®<t^ii*-7T-fr*ffli>. mi<msmit 

■9-7r-fTAM= (1 12-0) EtcWL-TSiE^c:^ h 

^-crm^t-r^. m«. 01 o»i®jBij©i^7T'r 
rSS©¥®Et?4>S. comitD-y r -(Tcm^^m 

ffiit-C(r»-5, c©!a«:7j^-rj;^iK:Hi©figSJi©:^ h 
^ •:fi:AmK.MLxmm.y3\Pix. Si,>{c^tf h ^ 

±K:^fb!B)^**«ra!;?fi)cg3ii-fcJi^. ^{b«)ita»{* 
«fflrt-c«Affitc*Hyt:wtc:^roi-cfiSsu^-r<. m 



(10) 

17 

< % 0 . S 2 ~a 8 ^{c^ l//t J: ^ ftilSBfiRfi*J^S{c 

[0 0491 i^«i(c. AWi^mt^ i>i)-y r -{rmm 

(1 1 -0 2) ffit-rSi. R®«CSie:^fnJCC>PfL/-C, 

[0 0 5 0) *fc;i^tr*^l' (Mgr A 1 ,0,) 
<*©fi£gB4 (1 1 1 ) ffii :t 7 ( 1 1 

0) Mir Si. s<b!Bj*»m* (110) micnvx 
0) micMuxmmitw^K.:x.h'7-c:^iBim-^tm 

[0 0 5 1 ] 'Aic, mmmm<D^m*^^*yr>if)i'L 

i>, 01 5«C©■t^:7r■yTa«<D»r®=&fc*Cb-Cm■r 

iSrWUri,»S, f-5;^SP^A<Da®I!aa«^J^*iJ:-e 
0. 5:*->e^xna-A. *Ar*5j;^&2*>i/>^hci 

-:Sf, gi^sp»©ig3«*jj;-e 1 5:*->i'x ho-Ag 

ERS®<D*¥Mfc*tL-C> 0. 13' L7!PiS$4b 

Oil*, El 1 5 cc^-r J: ^ k: . ^^<o^<omsi>^mA. 40 

©i-r^). ;^f- y:/faMW3 0^:>i/;^ ha-AJWT, 
$6«cSf*L/<«2 5:*->y;^hn-At(T. Sfejif* 
0<«2 05|->^;^ ho-A^TCC-r*. Tl®«2:t> 

ffi%fflC»/cJ«^> Cffi*>6®:t7ft6>«lSJi^rt. 
L'<«0. 8 SWT, S6K:»SI/<«0. BSJlitTW: 
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Or> 3 6K:|6SX|ifi®d»iC>GaNS«*i^§e>ti-S. 
[0052] ;X{C, :fc«l«©a<t^¥3»»SR^tC-oi,»r 

HtriBII2 ©»Sg©fiSS??ffiK: J: 0 6ns*T-«JS©» 
«i)&SI& 1 ©S<b!^##{*©±«:a®fi£g$la-Cl,» 
±ga*lli«©MlRC;f02©}|5SS©^ffc«M|i3l»5R 

^^«- ssasiK^^urt, ^*-a-r^©s*^Lr 

4al,>-C4>J:t>. SaStg*sS3n-ri»«>Jt^, »1©^ 
^b!BJ*aSt*©l81gW«. 1 */m«±. 5 0/im«Tr* 

^*©^iMff». 7 0/im«±-c*s. 

[0 0 5 3 ] *l6W©S^tiBJ*i»«f*^^^« 

©«>©=&^*^to-ttr«c>-cfej:(,». m^mmfonm^ 

*i0R£§nrc>5ci*W*l/t>. c©J:5«:fitSTil 
i-rSi. ^^-ttlB^lSliSliSCi^s-C^ftfiH,*. 
SEfc. n«e*eiST-B{CJgfiR-rSCi*sjfiFSO<. n 
«ffii©SS!l^^S*^gT3^^Sfc^?)^cetS^^)lK:nS^ 
*6«J«:F-7'orfc, iSt&^JliT-5iilSS1±*i.fc<* 

-S^^^©jif*bCi®«fiSiUr. m«In5:#t?«^ 
#F«}jS©rStta. K+> 7-x^iU+--©M)&:-5 

^^!fiFl4<ci'i^^©&t6*rfi]±SH±5*-c*fi!bi,^. c 
©J: -5 umm^^mt^m^mm^. ^^m<Dm&:^m 

K J: O^etiSiK^Xffi©^^^*!^ 1 ©^{b1«Ji^a^tt:± 
(cjgfiJrrSi«^663&JJ:»)I$I±L-»*U(,>. :*:^© 
m 1 RCJflg 2 ©JKI8i©Mfb!^^l^««:3g^©-||J6©je® 

PE (WtS^^fiK&ffi) . HVPE (>'^7'r K^ffi 

fijEgffi) . MB E i^^fmm&m) mit>mm 

#tlC>{C(dES$-a-iCi*5-C*S, l/J&il/. MOVPE 

:&i£-c?T^ci*i»*Lt>. 

[0054] 

CSIJfeW] [HJS^i] 1 ©f^fil©fi£S:^) 
*ii)5feW3:MovpE {mm^mf^m^m) K:oi,»r 

jnr4>©"C*S*i. 2|c»ig©:^jSB. MOVPE;ffi«:iB 
4*>©-CWJ5c<. «i«HVPE (-'^7-f KSttifiKS 

^) . MBE (.^Wifm^w^m) m{m^4mw^ 
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[ 0 0 5 5 1 0 1 ~ 6 1 ©J^^*^^SlS<D>t; a: 

b. ias*5 1 O'Cfcbr. 'JT:</xk:*^, 

rdfiSSf^. TMG«D*±Je>r. MSLi 1 0 5 0'C*-C 
±^$1*. 1 0 50X;«:«c->fc^. IIf4:</;^CCTMG. 
T>*-r. T>F-:/GaNJ12 iO 

«-5 MmCDMJl-C^SS-a-'S. >'^••:'7 TlliGa NJ12 
<^:<&WlU/c•?3:->'^(D. -€-©GaN®2©±K:X 
-f:/tR©7* h-5';;ii;iSrJi5fiRL. CVDilSKJ:*):^ h 

©«gaill40. 1 /xmCDRJl-CJ^fiSfi (HI) . 

A® Kjsf L r att [uj i -r . 

[0056] HKD^fflil IJgfiSa. -^x-zN^SlE 
lOSCCKT. Ig(f4:«/^K:TMG. r> 
*-T*ffl(,\ r> K--?'GaNJ;<3ia:Sl^l©m!g) 20 
^l^«JS«:l 0 0Mm©JBWCfiS;S31i-& (02. m 
3) , 

[0 05 7];?:{c. '?*--'^?:JSI^::ss*^6as(^)taL/> 

6am©S i,N4J;0^j:.Sm2©«ai)gl 2*0. In 
mcommx. (04) . 

[0058] mzoyummi 2i^mk. ^^s•^x-^^€: 

Slt^tCRL. ll!|!4;yX{CTMG. T>*r.T*ffl 30 
r> F-^©GaNJ:«3Ji«.^2©^{ttJ*«i*a 

4«ri50Mm©iBi<sr^s3-«i5o m2(omm0m 

[0059] (Jt«tW) tt:®©yti&. C®«riB 

©«Sj^i i*j^fisi*-r. ii:«2 oo=r>4^xha-A 

©G a N/^ 7 T)l*fiKS$<*. ■€-©±{C S i * 1 X 1 
O'Vcm* K--7'L/cGaN*l 0 0 f/mfiSg^ii-S. 

[0060] ±i^*fit« 1 •cnhinfcm2 (omm^m 40 

©tS^^PS©IK'SrWM T E MfCO: »5 SI3^ btkSH-T S t . 
^W©ll<t!KJ^i*l*J:fc«t«^©*>©ti:k'^-r 1/2 0 
0«T{C«^L/-CV>/c. »2©«ailBll 2Rtlfm 
2©^^tiB}¥»f*®4*^g3-i+)0:l^t«iS-C, ^ 1 ©^ 

mi^fct ci. m\ <om\tm^mwm 3 ©i^axRi©?^ 
». j:t®^©G a ^m<m^m<mix.n{yx 1/10 

0«TtC?lS:a>L/-Ct»ft:. 

[006 1 ] im&m 2 ] (^ 2 ©jK.®©fiKs:trsfe) so 
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2'f>^*, C®*iffi<kO> :t i;:7-7ffi*A®i-rS 
■t^r'r-fTS«i±«c;^h7'f:/tt©7* 
fiSO. CVDi?g{cj:»):^ h^-f:7"ipil 0 um> 
-^7"raRI (,^g|J) 6 ym©S i CJO/a:^^!©^^ 
Ml 140. 1 umoym^-cmWuti) mi) . Uis. 
xh^-f::^:J5n^ttSi OK^-Tcfc^K:. *>;7^M{c*f 

[0062] mms^^^, s«*sfs#isrt«c-b s» h 
I/, as* 5 1 o-CKtr, ++yT;«/;^«:*«. 1114 

Hosier >^::-rtTUG i h >) jt 9-)\^tfJ <^ A) iz^ 
fflCi. »1©«^1 l*J^(i£L/cS«l±{cGaNJ: 
•3 & ■2»'^• f 7 T B**>> 2 0 0 > I- a - A©J|gJl-C 
fi)ES3«"5. (117) 
[ 0 0 6 3 ] >'N- 7 r mfSL^. TMG©*±«{)r , S 
S4 1 0 5 0*CS-C±#3'e-S, 1 0 50'C(C%-5/c 
6, liDI*:</;^(CTMG. T>*.=-T, 5^^>;</;^%ffl 
t,>. S i 1 X 1 0*'/ai^ K-t^L/cGaNJcO^^dC* 

n 1 ©M<b«»*«»® 3 % 1 0 0 w moymm-vmms ^ 

[ 0 0 6 4 ] IS 1 (Dmim^i^m 3 mmm, x — 
^mimmip^m*) tUL. mi omt^mt^m 3 ©^ 

[0065] mim2 -cmhtifcGa NB <!: . HiTlBJIfil 
tfH 1 t?^0^^t?S6n/cG a NIB©ma®fll^yfc 
f3©*ST-i^PI©IS*»fffiTEM(Cj:0il^, J;b«[-rS 
*^?B©^{b!gJ*«^g«Jt^W©*>©<!:J:t-i-r 1 

/I o«T{cjgE^brc>;fc. 

[0 06 6] [^«^3] ^tSI2-Cff6nfclBl®^ 

im^mi^m 3 ©^stc. x h v 7"tt©-r x 

m<OS i ,N,J:t)tji?,m2<Dmmmi2'kO. lumcy 

mm-cmfS.-r?> os) „ ^c*$. m2(Dmmmi 2 ©{4 

PS±«:, IS2©«aiBl 2©l Otfm©;;^ h^-Y::^*i< 

1 1 i^tf^t:^ t-^-fT-^grfl^^U-ci*^. ll2©S8lffl 

KTMG, T>*-r. 5^^>^X?:ffll», Si^ix 
1 O^Xaif K-::^L//cGaNi«3*cS02©a<t^ 
J»«:«4% 1 5 0 unKOmm-cm^Sm (H8 ) . W 

2 ©Ig{biB5^<*® 4 tSg^. 0 X -^N^SICS^SA^ e. 

ffioiHi/. mmm2tmmK.bx. ^wkmrnmrnu 

X. m&iBa*/<:»3©1fr7-^©IK[=fc, «riBit«?W©G 
aNmttmbtctC!^. /ls:»?8©*>©»l/l 0 0« 

Ticmfi^bXi^fc, 

[0 06 7] mrnmA] mmm2ic*5(,^x. miRiK. 

ffll^^*, C©1*-'7T'frSSl©±«:SIJSfW2<!:|ll-© 
S 1 ©«SJS 1 1 «rJKR£-r /ifc, m 1 ©«8IJS 1 1 
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it<mm»m snoou nKommvm&satctc 
CO 0 6 8] [mfimB]mmm5itHVPEm<icj:*j 

lll(Dg{b«J*3S»)13«:fiRS3-tfS» *-r. (11 

1 ) m^^mt (110) tii-rs. 

W>9^«CDXf*Jb.fcD^C*»«l%ffl,«-rS. c© 

;^ f;*.;US« 1 ©«ffi«cSIJSM2 ilSIfilK: LX. y * h lo 
-^xi'iff^fiSO. S i O,J;0ift«.Ml©«SMl 1 

4. &*jxh^-f::^*i«l 2tfin. h^-f :rfflPB«6 

[ 0 0 6 9 ] H V P Ei^S-C»> 0 fe^SlSSS 

«©|*JSPKG a ^ Jl'«rAnfc53l'K- h *l9SB-r-5. 

[0 0 7 0] ''M3y>*f;^ej:oaBR+-»' yr^xii 

{C. HC 1 :</X«:^A-r.5, C®fg5G a ^ 3?;U©«K- h 

«9 0 0 'Cficnmij. :^ f^^-^waWJli i o 5 o 'oxM 
-eur. HC 1 :y;^iGa*J5JCES-l*rG 

3 1 5 0 Mm©S i * 1 X 1 O^'/cin' K-^L/cGa 30 

^|ii*»J5£U/i:<bC5> «^t^2©t©it3;(SP^© 

TSfiliCc;^ h^-^T-ill 0 ym. ;^h5'f:7'raPS 
(ism 5t/m©S i O,<t:i3%'S€l0ieil l^&l Mm 
©)S;fT?0fiW--5ffe{*|5iaK:Lr> Si*lxiO"/ 
an' F-7'L'/cGaN<l:i3!&-&l^l©S<t!BJ¥»«:e3 40 
* 1 0 0 Mm©M/f-CfiSS3«S, ^ 1 ©S<fc«J^|Siif* 
)13fiSSft> •i'*->'N*SlESS»>6K9fcBL, Hi© 

Si K-T'GaNJrOJ^ciSfk^J^^^S**©*. 
[0073] iliteW 6 -Cff e.n/cG a Nil i > fTiellifiS 
^^l-C^^t//citi!!e?J■C»e)n/<:GaN)l©■^;x>'^±{c 1 

0 X 1 5 Mm©®H*ff.^cc9@^c;f. mimm&ft 

»)©iSarX:RS©5»?:»rtiTEM{C±DSI^L. i^Si^Pfi 
IHGaNSfi* K5-Yxy5^>i/{CJ;0i!^Jl /ttrnxy 5=- 50 
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■e©^tK®TEMK:J:«3t!^*ffC>iteS^Pg* 
■e©te*. i^^f&<D^ifimi. 3 

X 1 0'<i/cm'-C*«). »rffiitlS!Wil';2. 4x10 
'li/cm'-Cfe<3« ^:%?8©t.©{3:J:b«J«^K:l:b'^l/l 
OiaT«:jlSiJ>L.rC»fc. Sife. j|JS«^2ii:blS[-r'StilS 

[0074] [9IJSpl|7] 3IJ6MHC*Jt»r. T>K- 
:/GaNS2±(CX h5-r-7"i|iil O/zm. SSPSdim© 
S i O. J: ») 11*1 w m©)gJlr0fi£-r-S 

ffiiji^nifc Lxmi (Dmitm^mwm 3 * i o o ^ m© 

aff^iL/. Si K-:/GaNJ:»3%€.^{bt)¥^»S« 
*i6«^6<t|^««:#{4ffiaafc»3©iteSXB5© 

«*ai3ELfcic5. mm^ n'^t <u< 1 x 1 o* 
M/cm'-c*'). ^^Rg©a^^^'^cc>#^«:s#f 

*c<t*J-r?*fc, ;*SIJ6fi«l7W, 3l«6eii©^i 
©^{b«»^^<*Ji3itt«{!i^t:*>, ilss^Ri<w»3WS 6 

[007 5] [IU6ffl8] *(ft«6{C*st,^-C. 

ffli,>«ffe«PfilK:u-c. t^^T-YTSSiwitc^i© 
^lei liJI^fiEL. i^l>-C. S i F-:/GaNJ:»)^c 
2.11 1 ©Mbi^^^ft® 3 1 0 0 M m©Mll-CfigS^t 
I*.?.. Uia. 01©«aiSl l©Jf^«R®«cS*LrS 

©ifiS^NI©#^{c^«:l>^{b!gi^^S!di^r$ 

[0 07 6] [*te«^9] »6^5«:*j(,^r. SiO, 
J:0«:Slffl©^)BI 1*> 7.V=yA-:rm^\(in 
m. SglS43Mm, JlEi!*'* 1 amiLTJ^^-rSffeligl 
«(CL.r. /IS 1 5 0 «/m©S i 4 1 x 1 0"/cin' F 
-:/l./!iGaN*fi!tS3#4. (KSa. ■J»x-y>*SlS 

i^a^i^K©!^4i!l^l>fc<!:C5. H*6t«5©t©i 
(3;t*PI3¥**t>«-emXh©i»Si«^©|^{Cil>J5:l>g 
{b!a^«:e*!?i6la/c, 

[007 7] [letetN 103011 \%-im^<ois&-nm 

i^w&^^t^mmmxh^, hi i^tck 
3li6«^i 0{cot,>rsi?8-r*. 
[0 0 7 8 ] siifiwi2T^?.nfc'5x-'N©if7T -rrs 

Sl> >'^•-^7T@> »l©«S)gl K -SP©I?1©S[ 
{b«5i|i^«J@3€:WiP. HI ©^{b!B5**(*Jl 

3©^ffi4RmSlim 1 ©^{b!B5*««:)l 3 ©^CCf 

«l©Mb«J*i)W*li3 (S i F-^GaN> 
ffi<b^€.■i'*--'^*MOV PEjlB©JgJC£;?§fgrtCC-fe 

FL. 1 0 5 0*Ct:c©Hl©^<b!^*«itB3©Sa 
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««l^«:^*L/-rStHUfcffii«JS*f©S±(c> Si 
%1 X 1 o^/orf \'~zfLtcGaNJ:*)tj:i>m2(0^^ 
vVrmZ l*)5SESStt5. C©»2©/< 7 rSS 1 

[0 07 9] 3e>tC. ll2(D>'^•i'7Tll3 1 ©±CCK/1 
20:i->y;^hO-A. fi^=-#F«iS© I n . . , G 
a..,NJ:»)«cS?Stt@3 2. IgUO. 3/im<DMfirF 

l,..Ga..,N<fc»)%.5.pffliIi'5-:' FUSS. M 10 
UtO. 5 Mm©Mg K-^GaNJ:»)Ad:ipi!j3>if4» 

[0 08 0] ^^«jgi^cSII2©-'^•^'7TH3 1-p 

Wi/> ^#Ha*-c6 0 0*cr--'j>i'br. pfflfl 
f^rirFBss. pffli=i>3f^ ^)B34«rfi«^^«:-r 
■s. -e©^. pffilj3>3fi' h@3 4PJ*>6x^,^>i/^:& 
m>. mi©mi^*««:a3©^®4RWS1iS. C 

Ci«CJ:0. ttBrB#«Cp-nS^^SS«cS!S5*-^^(c< < 

[0 08 1 ] i-^g^^tJ/m. p«iJ=>>iii' Fa3 4©« 
E©««^ffifC N i / A u <t •) i>mmSt<0 p Sffi 3 5 

3 5©±K:. JiOf'^ Fmffi3 6*0. 5 

/I m©M^-cj^fiR-r p mmwa^o^ v -^(ow^^ 

[0 08 2] pWJ©m®^^^. 1*-7T-/TS«llf?: 30 

L-csm L/cir 1 amtm^^M^m 3 Ji©as^ffi 

{C, nm@37«:0. 5 w m©Ki¥-CJ^fi£^'S. 

[ 0 0 8 3 ] -g-wfg. nmmmA^h:^i''y^-:fL. mi 
omiWu^mi^m 3 (OMM (i o i - o) i. ^©m® 

KSfi^ffir^raU. 300Atm|^©LEDf=-5»^%f9 
-S. C©LED«2 OmAtCteti-C, 52 0nm©i@lfe 
^?:7nb. ffl:tJ«fit3R©-t*-7 y -fr«ffi±{C^{t!^^Ji 
i!«**-T-«|jlS*)iJ5S3nfc«>©«:lt®!Or2fg«±, # 

[0 08 4] [mmmi i]mi 3{t:^^m<om&-^m 40 

^©^J&*^n-r©S;»rffi0-C*).S. felT. 013*7c{C 
SliS0i| 1 1 {c-oursttBj-r .S. 
[ 0 0 8 5 ] siifeffj3 -r^en/c-^iMCD-y-^ T rs 
^n'-^-^th^ mi©«a®i 1, m\<omtw^ 

I»^e3. «2©^S||gl2. ^2©m!^^{!^S4 
©-SIJ%Bfia^*b> M2©Sfk«)i|Si»«:)a4 (S i F 

-^GaN) ?:±ffi^•r•5■^7*->'^?:MOVPE^la© 

mt^^fx.-^v VI,. I 0 5 0-cf c©^2©e{b!a 
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itimomiK. S i * 1 X 1 0"/cm' F-:/l//tG 
aNJ:0<cSlir3©-'<"y7Ta4 l*fiSg3lf-S, 03 
©>'<r?Vra4 IWSIJfiffll 0<t^D<. 9 0 0'C«± 

firr s?tJ?>©issrfiSS3 i**.'^ ■? 7 r n i \mMi n 

•5. U— tf^T*ffS?TS«^. C©l^3©-'>'-:;7r@ 

4l»JKJll0 0:i->d^:^FD-AJe<T, 36K:»*t 

<W7 0:i->yx Fa-A«T. Sfc»*L<«5 0:*- 

>i/>^ F a-AJWT©m»(cfflfiK*5M^c*Mb!B?^» 

[0 08 6] (i'^f 4'E§±a4 2> iXfCS i*5xi 
0"/cm' F-:^b)t I n,.»Ga,.,NJ:«)«:-5i'^f 
i'Ri±a4 2 * 5 0 0 *>i'';^ F a- AOMUfTBRS^ 
#5. C©i'7^'i'B5Jh®4 2(3:In€r^t?nM©M{b 
i^^^. »*U<»I nGaNreSSStir^CitCj: 
, A 1 *#t?^{b!^¥^«:)l*K:i' ^ V i'AJAS©* 
P;5±^-SCt*l-C#S. 5'9 9^ES±a»l 0 0:*->i' 
XFa-Ajy±. 0. 5MmJaT©MJl-CRESS-eSC 
tlfimiL\^^K 1 0 O^J-^d';^ ha-AJ:0 feliOiM 
ffi©J:^K:d'^ yd?B5±<!;l/-cfPfflt«:< <. 0. 5 m 
mJ: iieseft*S|l^^«.«[«il«c*«. & 
*}> C©i'5-yi'8)5lha42{J=i-BSt-6C<tfe-e#S. 

[008 7] FB4 3) >XCC. Si*5x 

I 0"/cm' F-:/l^A:nSA l,.,Ga..,NJ:»)^t-5 
ISl©a. 2 0:i->i^X FO-Ai. T>F-:/(undo 
pe) ©GaNj:O^cS02©a. 2 0 :<-> i';^ F a-A 
iijSStClOOBfflBL-riiSitiJgJIO. 4Mm©ffi 
^^•«j»<b-r2>. nWi?^^' FB4 3tt+-i'yTBIDiA 
sbB. JiO'^Dji*aitTf¥fllL> A 1 *^tfm 
L/< {JA 1 Ga N«r^t?e«i=-a«!:-r.5 

ci*iii*t.<. jB«^B:^©Bl^it%i oo:i->e/;^ 

Fa-AW±. 2Mm«T. §6{c»S;L.<«5 0 0:i- 
>y>^ FD-AJlia:, 1 MmJaTrfiSgS-«iSC:<!:*JSi 
*Ll>. fi^JB«:-r-5id'7--»i'©&l>ifeStt©m> 

[0 08 8] (nfflH^fe/Z-f FB4 4) iKl^tr. Si 4 5 
X 1 0"/an' F-:/l/fcnSGaNi*)ftSnS36:<f 
-fK)14 4%0. 1 /im©)gJl-CfiSg3-t±S, C©nffll 

FB44». i§ttH©)fe;tf-f FJli LrflffflL> 
GaN. I nGaN*fiSfi3#SC<b*JS*L<. 
1 0 0:t>i';^ hP-A~5 ym, 3 e>CCft?* U < «2 
OOsM/i^;^ Fa-A~l um©^rfi!cS3-a:SCi 
*!|8*l/l>. C©nfflij7K;V'f FB4 4«jim«S i . G 
e^©nS^i^«: F-:/Ur nl!©»mSi-r**i> 
!Hf«cr> F-:?"«C-r^)C<!:t>t?3f4, ^itS^^<!:•r-5^i^ 
{C«m 1 (DmBijm 2 ©®©i>/5: < «k ^^tc n M:^*6 
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[0089] {rmm4b) 'Adc. r^h^-z/o^in 
:t>i/7.ha-A(o^m&'mwmm (mqw) orstt 

CCS i«:K-:7'Lr S i * K-r^'T-Si U^C^ 

[0 09 0] (pM+1":.:/B4 6) >'N->K=¥^i' 

oS14ji4 5J:DfeA#C^ Mg*! X 1 o"/cm' K 
-:/L/cpMA U.3Gap.,N<fcOft^pmf ^'t/H 
4 6^3 OO^i-v^x Fn-A(DMiir^S$#^. c 

pM^jffiJBj^K-r^'b/cSi-r-So pfflJ^^^-f 7 
<D1B;?»0. 1 /xm«T. 3eiCCf?ifL<{i5 0 0 2f> 
^xhn-A«T. ^4>»* U< ^^3 0 0:t>tyx hP 

-AjwrcciHMT^^o 0. I umJ:^mi.>mmr^f&S:^ 

2|^±CDA lrGa,_TNT?*ntf 5 0 0:t>^X hn- 
<Z)jg/l<DT|IB»!lfCCRg^U3^j:t>7&«. 1 0:*->i/>^ hD'- 
[0 09 1 ] (pm:^-< FB4 7) /N^> K+> 

^1X1 0»'»/cnf K-r^U:fepSGaNJ:0&SpffliJ 
FB4 7^0. 1 Mm(DMiir^:g?-^'5>o CO 

B44i|gC<GaN. I n G a WC^SS^-S C 
M^Lt^o C(DB«pffl^'^'> FB4 8^^S$ 

P-A-^5um. 3 6tC»asU<«2 0 0:t>^;^Fn 

FB<bOTf^ffl-r€>o COpffliJ76:</>r FB«iiffi: 
«Mg^CDpM:?^iM«5* F->^l/rpM(D3!C^<b-r^ 

FB«:fi*&^Bi-r'2>C<i:«>r#^o fflfeTB 

^b-r 4«^cc»^ 1 (0Bsa^^2 cDBa>^* < <!: fc-^r 

[0 092] (pffiij^^-;' FB4 8) ;XtC. Mg*l X 
1 O'^^/crrr* F-:/U/cpMA 1 o . i G a, . . N J: 0 J&S 
mcDB. 20:t>:^X hn-A<t. MfiT^lxiO'" 
/cm' F-:/b/cp3SGaNJ:0?a:'5ll2<DB, 2 0:** 
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m(Dffit&^B<l:03&:*pWJ^^--^ FB4 8*0^r^. 
C(DB«nfflJ^^-:^ FB4 3i|^I0< UTfflCii* 

Biurf^fflu. eiST-^iii'r^ci^cfcDp^m 

0 0:t>y:^hn-A«±. 1 MmWT-C^S^-a-'SC 
i;5r5|g*L/l^o 3^j:*J**Sfe«^rC3:©«^B%nffliJ^5^^ 
10 FBWKcfcSCffc*«. nWJi?^-^ FBfllJ<fcO«>pflBBWJ 

ccffiigT-B*ec:f/c:&:;5>5. v m<DmtKmi^m'j>r ^tm 

[0093] a^«ig(D#FB*W-r -5?£f484 5 4=» 

B4 5«:®Ur. ffitta4 5i:0^»'^•>F^>-.^^x^ 
>H/4^-*s:A:;gfC>|gll0 . i MmfetTOA i ^^t^mitm 

4 6<feO*>r£MB*^6iin/t{4gtC. ^^vZ/MAe^ 
^^j^v F=fi'5^:^x^;l/^^^-3Ci5/h$iip(|!l56:^-< FB 
20 47 ^mi. ^cr>p(!iJ7lc:^V FB4 7 j:D€>r£^B:?!p6 
8tn;^c{4a(c. pfflri3fe:^/-r FB4 7J:*)^>^^'>F=ri' •> 

/j:^ p ^ ^ ^ FB 4 8 ^:^c:t ^ c <b «#^;^K:if?* u 

pffliJ+-t">::^B4 6(D/^*> F4^> ^r^'x^il/ 
^-f>^:/^^<l.X$>^. nmf)^hmX^tifcm7'tiic<D 
^^yzfm4 6xm±^ti:Bfcit^. m^d^y§i4B^:t- 

So 

[0094] (pi[|n>^^Fa49) Mg^ 
30 2x 1 0'»/cm^ F-:7*b/cpMGaNcl:0^C'SpWri 
>5?^hB4 9^1 5 0:*">^X hP-AOM/ir^S 
$#So pffjn>^i5^ hBW5 0 0*>^:^ Fn-A« 
T. $6Cc»$o<t*4 0 0:t>^:^ha-A«T. 2 

o:t>y::^ hp--A«±«:)g;s^ssiS-rs. 
[009 5] JS^£3|«Tf^. jKfS§Srt(c*5i^r . «5 x 

>'^^^^EB^4'. 7 0 O'crr^-'j^y^tfcv p 

MB«:3 6tc{SffiSi{tf -So r^--»;>^fl^. ':;:l:-->r^ 
*SJ£S^S*^e>KOUlL. HI 3«:7S-rJ:^«:. RIE 

msi(fC^K>m±m<ovm::i>^^ hm2o vm^^ 

40 FBI 9<b4x^^>^^U'r. 4 um(D::^Y''7^:/m 
^mr^ V V lyWMt U 2; ^^SHO^StcN i /A 

uj:D^spii@5 1 ^ff^is-rSo -xcc, 0i3cc^*r 

cfc^CCp^gS 1 ?rK^< pfflij^^ FB4 8. n>iS/^ 
hB4 9(D^ffiCCS i O,J:O3^C'&iffi^M5O*0fiS 

c<Dmmmbo^it\^xpmmb\tmm^i.cmm 

[0 0 9 6] pMM^B^ik. r>x->'AC[>-tf':7T -YTS 

l^»2CDS{tiB5*^ftB4<D^ffi^ffi(C. T i/A 1 J: 
50 0^cSnm«S5 3*0. 5 /xmCOISai'CJ^RKO. *<30± 
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[0 09 7] *<Df*. nmmi5 3i)^t^>:^^^^'fL. 

mmb. ^mmif^m-r^. «^h^cs i o,<bT i o, 
c^. SStc*5C^r. uifiimiigsaz. okA/crf, 

l8iiaEE4. OVr. ^a?S4 0 5nmOi*KSag3&J 

[0098] Lmmmi2'imi4\t:^^m<of&&^m 

2(DLEDm^(Dmitm^mwm^tLx^tt. mmms 20 
mm»m3<Dmm^2 5 urn. m2(Dmim9^^i^m4 

%r>F-:^CDGaN<hLrcDMif^2 5 MiniL/cffi 

f#6 nfcr > F - :/G a N <fc 0 -SH 2 <D^{big5^» 
J14CD±«:. S i ^ 1 X 1 0"»/cm' K-^U/cGaN 
<i:03^J:em2<O>'^'•:^:7TB3 K 1^2 0 2^>^5^;:^ h n 
-A. #-«^^I^F«iS(DI n..4Ga«..Ni:>3J5:€>r£ 
ttM3 2. MilO. 3 umCOMg K-rT'A 1 o.^Gao.. 
Ni:OJ^j:SpffliJ^^':; KJ13 3. jg/lO. SmhKDM^ 30 
F-:/GaNcl:>):^^^pW:3>^^ hll3 4;&5j|g{cS@ 
3n3^«S^WLr:te»3. pffJn>^^Ma3 4<D{5{3! 
±ffi^53:«7^(Dpm@3 Si. ^(Dpmm35<D± 

® 3 . <D«S)g 1 1 . W2<Di^mm 1 2 o^r . R 

2 (omimmmt^m 4 cD-SB«iijSfeP!i 1 0 i i§i«ic 

[0099] c(Dm^f)mmm 1 0 (om^tM^j:^^. 40 
llJSt^i orMfc«5*z»(*»1R<!:Lrfflc>e>n€»^ 

1 (omitmmmi^m 3 j: 0 «>jfeB^ttcDai^m2 o^jb^B? 

¥2i«^jl4<O±{C^^«J£;5^iJ|^J3c$nr*5 0. 3 6iC|5l 
-ffi«iJCCp«ffi3 5 <!::i[S«g3 7 tiWti'fXi.^^CtT 

h^. ryY-y'<oGsii^x^u^m2<omim^=mw 
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^•n^Mf^tCA^o ^c:te, COLED^^{^SQfgWl 0 
©LED^"?-tCih«?Ur. J±l;^«iir^l, 5fiS. 
*>i|!^i. 5f&K:rfij±b/co 

[0100] [mmmis]mmmi tmmcc. -^rvr 

YrS«±«:G a N<fc 0 -5^ :7 T®* 2 0 0 :t> ^ 
r> F-:/GaNjl2^4 MmfiS:^?^^ 

-:/GaNB2(D±^X h^>r:/il@2 0 Mm. ,^g|55 m 
mOS i O,J:0 3^^^mi<3!)^aii«0. 1 mnCDISlit 
r^JSUr3&S'^;:c->^N;Sr. MOVP EJ^gfc^^SIU. 
r>i'-y'GEiNm2R^mi(DUmm(0±(fC. Si«r 
1 X 1 O^'/cffl* F-t/b/cGaNJcDJ^Sr-SUKDm 

[0101] mtmmmi 2tmm(fCLx. mi<DSfb 

!Bj¥2ff*Ji(D±K:. S i ^ 1 X 1 O^'/cm' F-r^U/c 
GaN<tO>5:^»m2<D>'N*2.:7TB. 1SJ¥2 0 h 
a-^A. m^^F«Jg(DI no..Gao.sN<*:0&^ 
fg14B> MJ?0. 3 MinCDMg F-:/A 1 o.2Gao..N 
^^tJi^pfM^'yv i^m. MilO. 5 /im<DMg F-:/ 
GaN<fcOft^pWJ=i>^i' FB^iB^caB-r-S, 
r pBM3&>6x 5^>iy^mi^^^f5ScD;^^tim 1 

<D^{b«5*2»f*B 3 (omm^miti^'^x n 

— :&pfflJ=3>^^ FB<Dti(3f^B^iiS3fettOpm 
ffii. ^(Dp^SOi^. ^>f'^>^^ffl<D>'^'^r Fm@ 

$*5 0MmSffi*-CWBLT»<U/c». PBMWJ* 
:/0T3 5 0 MmftO^^iT^o C(DLED 
^10«il)!i?&iGaNB±(Cff$^Sn. HCcm 

1 <D«SM<DSaP* 5 Mm <!: UrS 1 ©S^bift^aSftB 

r,«g|5^6 Mm<buriiri©miej*2»»B^0^ur 
tfr>/cilJ6«ail 0<3!>LED«^K:it-<. J:0^tt«Ftt 

[0 10 2] [SIS6WI1 4] Cffi*»6©:t:7r>ii/;l/ft 
0 = 0. 13- . :^Tv^m^^X^\^*>^y^Yn 
-A. x^;5^ifiW*5J:^5 6 3^>>^x Fa-Aci^xf-'^r 
*»J:7^S«:AS<^:•rS2-^>^4>(Dt^>'T 

-<TS«*flas-r^o 01 5«c<Dif:7T>fTS=Ko»f 

13* L3&i«MLrC^3tci^ CCr)J:^Aj::t^ft%:&«r'& 
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wo. eswTfcing-r*. %*5*^ii«-c«x7^>-/ 

[0 103} mm-*)-y r ^7mm<Dty7>ifJl'm«.^ 

:t>i'Xha-Ai. T> K-:/GaNB*4MmRRg 
^^tcik. CVD$IB?:ffltir. C<DT> F-r?"GaN 20 
B(D±{C;^ F^-^:/i|ii2 5 Mm. SSB5 wmCDS i O, 
J: 0 1 ©«SB!*0 . 1 « mODIKJl-CJI^tiS-rs. 

r> F-^G a NSRO'll 1 ©«gM©±CC, S 
i€rixi 0*»/an' F-7'L/cGa N Ji^S^ 1 © 
Mb!eN^^«:B«: 1 0 am©®J|frfiSg$if. -e€)||^ 1 

<Dmmmmwm<D±ic. s i * i x i o^'yaif f- 

7•L/fcGaN<fcO^CSI^2(D^^•-;.7T®, R;S2 0:t> 30 
i';^hn-A. m-a^#F«ig©I n,.,Ga,..NJ; 
•)«cSrSt4Jl. mmo. 3Mm®Mg K-:/Al,.,G 
a..,NJ:0ii5:^pffliJi'-5 FJl. MJIO. SttmCDM 
g \r-zfGaiNJ:')fJ:i>pm='>-Sii^ Fa«:Jli(cSJl-r 
i. a«SI*fiWll 3ilil«CcLt:. x-?5^>y{cj:i3l^ 

1 (Dmitm^»m<Dmm^nm^itx. m 1 4 fCTi^-r 

J: ^ ^cPI— MflW3{p6 n mSi p mmt *g9:Wfc«jg<b "T 
m!^LXm< Lfc^k, 3 5 0 ymft<D5g-T-i-r-5o C© 

L E D^^immm izoLEDfi^^ttmbx. m:h 40 
CO 105} [mmmi5]mmmi 3t^tei>x. si 

«:1 X 1 0"/cra' F-:/"L/tGaNJ:«3!&:&lll©^ 

IS? 0 tij L/ , ^©m 1 (ommmoi&^ictsm-r msK. . 

h-7-r7"lliil 5 ym©l|2©fiS8Sli«:0. lMm©Jl 

srjgfiR-r-S). -eLrns-^x— '^*MovpEi?gK: 

i^jiSL. Ill©^<t%^««:)li, ^2©«SaK©± 
«c, S i «r 1 X 1 o^/cni' F-r/Lz/cGaNJ;*?^-?) 
SI2 ©^{t!Bj*«»®* 1 5 u m©|gjf reXgS 50 
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^mi^m<D±(^. S i 4 1 X 1 O'Vcm' F":?'U/c 
GaNJ:»)^c5m2©>'<y7TJl. tt/f 2 0:t>4^;^ F 
a-A. a^^#F1ij&©l n„ ..Gao..Nj:i3)&:S 
tStta. M;?0. 3ym©Mg F-rT'A l,.,Ga..,N 
JtO^cSplWi'^f FS. SJIEO. 5am©MgF-:^ 
GaNJ:f3%5.pfflij3>5fi' F®*«i«:®ML'. M2© 

mitm^mwm<Dm.m^mm^iirn^^m^L, p 

ffllj3>rSfi' Hl©t3i{S^H{Cttjg*t4©pS«5. ^-N'-y F 
^^mfS.b, H— ffi«l*>6naffiipSei«rSWyt: 
«)gi-rs. ^^^{C■^^7T'^r^«©/I3?:5 0iumS 

350/11 mft©«^<t^S, C©LED«^=-{33IJfe09l 

2© L E Dlg^ J: K> !^m>mLi^Lfc. 

[0 107} [mimiG]mmmi oicis^^x. m-T- 
oxmi<Dmtmmmwm3imms^. c©■^'*--'^ 

(OV-Vr^Tm^l. f'ivyym. «glMl 1^€:W 

Jg. 1^1/. ^i©^{big)^{^)13©%il«sm$ 

■tt. m 1 ©^{tigj^^ftS 3 ©^{c b r^{b!g}*J»{*» 
«<!;-r4fife«l^««CL-CLED5^i»:/*^S. C©LE 
D». 0<bl^«(C|^{cftn^i^'&n^U;^ 

ii\ ■if^mm'mm i o «t jtts-r -s inssw i e ©» ^ 

[0108} 1 7 ] fe(T. @ 1 6 ^Tt^mm 
1 7(c-^iiriJii«-r5. m i 6«*:^?g©ERs:J5ffi{cj: 
•3 f# ?.n/cmb!^4i#ft® ^s^i -r -5— U -1f ^^© 

[0109} ll^fe{^6■r^e)nfc■i»x-^^©•»^7T-YT 

««1. >'^'-^7r)12. «S]gl 1*W^. m 

1 ©Mb!^*^^® 3 <mmi:mm s » i ©^b;^ 
[0 110} ixic. miomim^t^ms (s i f- 

^GaN) ^^mt-Ti'^ :c~/s^MOV PEmS(D& 

i&sgrttc-fe F o . c©0 1 <D&itimm»m 3 ©s 

SS«^«r 1^ am 3 tltcWi: «S*r©®±(CTiB 

[0 111} <n«i^7-y F«4 3) ^XK. Si«ix 
1 C'/cm' F"r»'U/cnS!A I o.,Ga,.,Nj:»)>3:.5 
mi<Dm. 2 0:*->i!^X Fa-Ai. r>F-:/(undo 
pe) ©GaNJ:lJtt*^2®JS. 2 0 :*->5'>^ F D-A 

t^iiSiicioofsmmLxi3:^tsmmo. 4Mm©e 

[0 112} (nffl!l3fe;V-f F®4 4) !K(,>r. Si*l 
X 1 0"/an' F-:7't/fcnS{GaNJ:0)5:.5nS!36:^ 
'('FI14 4=&0. 1 Mm©M^rsRg$-&-S, 

[0 113} (r£tt®4 5) Si^lxiO"/ 
on" K-:r©I n,..Ga...NJ:0&4#FIB. 2 5:*- 
>i/;^Fa-Ai, S i * 1 X 1 o*'/citi' F--:/©! 
n...,Ga..,,NJ:«3«C^>PI^. 5 0:*->y;^Fn- 
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(D^^mm^^wmm (mqw) (oimm4 5^ms:^i^ 

[0 114] (pfia+i' :':7*®4 6) F¥i- 

-:/L/tpMA U.3Ga...N<l:?)fcC*pffliJ+f 
4 643 0 0:t>y:^ hn-AC0M^?-C^S3ii'2>o 
[0 115] (pffll:*;^-/ KS4 7) ;>CCC. /OF^^ + 
>^ai^;l/=^^^-7&^p(IiJ^^'r ^;:7'/i4 6cl:0/jN3l^ Mg lo 
X 1 O^'/cn^ F-^X/cpMGaNcfcDJ^jr-SpWJ 
Fa 4 7^:0. 1 /xm<D]^iSrfiSS$Hf-5o 
[0 116] (pffla^^t^ F«4 8) ^^CC. M€r*ix 

01OD@. 2 0:<r>yx hP-Ai. Mg^lXlO'" 
/on' F-r^Lz/cpSGaNiDft-S^ZCDW. 2 0:t 
>^^xFn--A<t*3?SK:gJlL/r3^j:^MM/P0, 4 /lz 
mCOffitS^ilJ: 0 ^'j: ^ p {SJ ^ ^ F® 4 8 ^f^f&r^. 
[0 117] (pffi9=i>^^FB4 9) Sf^tc, Mg* 
2X 1 O'Vcm' F-yL/cp^GaNcfc0 3^4pffliJn 20 
Hi4 941 5 0:t>yx FD-AQJg/ir^S 

[ 0 1 1 8 ] JS1S*^7^. j^S^rtK::tec^r. 
/>4^SHm*. 7 oo-c^T^-»;>y4tfc\ P 

4J5jsi?S30^e>a5^ottiL. ^1 ecc^-Tcfc^^c. rie 

^«:<fct)SJ:J10pSn>^^ ha2 0<b. pS^tJ'^ 
5^ FBI 9i4x^r^>yL/r. 4/xm<D>^ F^-^:/i|ia 

uJ:0^^pmS5 1 4?^^-r^. ^Xtc. SieccTnT 30 
<:fc^tCpmg5 14^< pfflij^^ > FB4 8. 
FB4 9<DaffiCCS i 0^^^t^:^1^mb O^mfSu 

c(Dffi^m5 0 4/M.rpmS5 1 <bmmw{cSiK 

L/fcp^s -:^ FmffiS 2 4ffJ«T'5>. 
[0 119] pfflr|«g?g«a. ^lor)m«5^ttB3 
(^^^^®;^>^»$fiS3nri>Aj:tri^ffi^acc. T i /A i 
<fc0«c^nmS5 3«r0. 5 m mOM/irjg^U. 
±{C h <b<Dy ^ -f^-i^ 3 VffltC A u/S 

[0 12 0]^(Df*. nmSffliJS 3;&>e>::^t5^^'<:/U. 40 
»l©aft«B5**«:«3(DMffl (11-0 0. H9<DA 

micoMfficcta^-r^ffi) r0i(D^fb1*j*^i*Ji3 4 
gu. p>'>*-.^ Fm@5 2*'7-r-^-*r>7=-f >yur. 

OkA/an'. gifitmjE4. OVr. ^ 50 
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iSS4 0 5 n m<DaiK«^5&SSi®Stl. 1 0 0 OB$ra« 

[0121] imim 18101 i\ti^^m(oi&&'nm 
^='^o«jt>&^-r«^BTMiar*'5>o rSttB3 2*>e>±<D 

*^«Jg<2: Ur 3|jSSfi»| 1 6 <DL E D»^F<b|g«Oflf 
jg^ €> o ^ /cHjSfeW 1 8 L E D ^T-O^^biBj*^ 

aNi:«:)«c^»lco^{tJa4^i*@3fiSS^-l±. CO'^ 

2. m\ (o^mm 1 1 ur» i cD^ftigj^^^^ 

■r^nfflji'^-^ F®5 l*^SS-l±^. 
(nffj^^ FH5 1 ) S i « 1 X 1 0"/cni' F-:/ 
L/cnMA 1 o.zGao..Ni:03^j:'S»l(DB. 20:f> 
ifTsVu-J^t. r> F-r^ (undope) OGaNJ:^?^: 
^»2<DS. 2 0:t>i^;^ Fn-A<i:«:5!S{Cl OOB 

MBur^c^Mi^o. 4MmcDe^s^«s<!:*r^o a 

[0122] ;j>CCC. ffj^^n/c^^ > FB5 liCC, ^ 
iSflail 6<bim«cD. r£ttB32. pfflfji^^ FB3 3. 

pffl(3>:$r^FB34 t/fimf^mm^tifcm^^m-r^o 

^ U r p BffiW> 6 X ^ > y ;$:tf I ^^iSl^^gSOD:;^^ 1^ 
nm^'yy FB5 1 cD^ffi^SW^-ttTn^S^B^ 
L/. ->^p{»J:3>^i7 hli(D{^{i^HtC«S7fettCDpm 

O^^L. 01 7^^-ri:^^cCpI-ffi<fj3&^6nmSip 

X^^^:rLT3 5 0 umn(omi^t^ho 
[0 12 3]|f6n:rcLED^T-(i. SifJ^jrlttt^^ 
iSK:||J6fi?«i 6©LED«^tcit®0t:. mt}ffi^ 

1. 5fg, #mWIIt*^l, 5fg^lS]±L/Co 

[0124] immm 1 9 ] 11*6^7 cc:tec>r. t> f 

- y^(DG a N J: 0 & -SH 1 OS^fciBj^igi^B 3 <Die»«r 

1 5 umtr^mtmmffCLx^im^mwmmttj:^ 
mmm»m3<D±(^. mmmi s tmmt^uxm'fmm 

[0 125] [m^mzoimmmi 9(fC:i$i.^x. mm 

m^tbx. mmmi 4tmm(>c:^r^yy'iX(c:tyr:y 
^)VLxi.^i>vyr ^rm^i:mi.>^iikiitmm(iCLXL 

ED^^^4f#-S. C(DLED*^«SIJfi«ll 90LED 

[0126] [mim2 1 ] mmmi (fC^i.^xi&m>m 
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[0127] 

[s®©ism^ctttH^] 

[01] *|E6?«©:^ft©^i««:4st»r»6n.S^{t 
103] :*:^?g©*ft©SlS{ctei,>r?f6n^^^fc 

[04] *:^?g©:^a©s-ig«c*it,»rf#e.tis^{t 30 
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* [05] *i%i^©:&ffi©siscc*j(,»-cf#6tiSS{k 
m^mt^'y x-^^©^«3g«:^■r«scw»rBla. 

[06] 2ti:^W©:frft©SIS{c*j«,>'C^(s,ttSS{b 

[07] *»w©*ft©§xs«:*ji,»rf#6nss{t 

x-/^©«jt%^-r«^(erM0, 
[08] 2|s:^?B©:^ffi©si§{c*jt,>-cff enss^t 

[09] T T©®:^f{4*^i^-r^- -J h -bflWi. 

[010] «a)a©x h ^ p'7?iti*si^rsyta)© 

S«iM(IIC!>¥ffi0o 

[011] :*^?B©:^ffi«:J:i»«?:m^/c^ib«)* 

[012] 011 ©*^>& p mmm*^ h ntcw-wm. 

[013] *^ig©:&a«: J: i««*fflC»fcM<b!»* 

L D 5R^-«jg4*t-«^WrE0. 
[014] *:^©:^ffi«:j;SSS*fflC^fcS<b«»¥ 
«»L E D^^©-«3g*^-r«SC»r®0. 
[015] 3}- 7 r > i'A' Lfc— S«S«©S|5^8fj*}g 
tt«r^n-r«ie»fffi0. 

[016] *^©:&tt{c J; S«S*ffll»ifc^{b!a* 

m»h D5R^-«jt*^r«3a;»rffi0r*4. 

[017] *^Bj©*-ft{c J: ^S«*ffll>/c^^bi»* 
mWhE D^^©-1«®*^-r«^B0r*e. 
[t?^©i»5l] 
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